Objective: The aim of this paper is to analyse the relationships between eating behaviours (picky eating, irregular eating and overeating), and dietary adequacy in accordance with nutrition recommendations and body weight during the preschool years. Design and setting: Our analyses were performed using data from the Longitudinal Study of Child Development in Québec (1998Québec ( -2002), a population-based birth cohort. Subjects: The study followed a representative sample (n ¼ 2103) of children born in 1998 in the Canadian province of Québec. Methods: Eating behaviours were derived from self-administered questionnaires when children were 2.5, 3.5 and 4.5 years. Nutrition data were collected from one 24-hour recall interview conducted at home by trained nutritionists at 4.5 years. Children's weight and height were measured at 4.5 years. Statistical analyses were carried out with SAS (version 8.2). Weighted data adjusted for within-variability were used in the analysis, and the significance level was set at 5%. Results: Picky eaters consume fewer total fats, less energy and less protein than children never reporting picky eating behaviours. Picky eaters were more likely to consume less than dietary recommendations for fruit and vegetables, and meat and alternatives. Overeaters consumed more total energy and more of each macronutrient than children who were never reported as overeaters during the preschool years. These children consumed more servings of grain products and meats and alternatives per day than children not classified as overeaters. Even when the number of servings of grain products consumed was similar for overeaters and children who were never overeaters, overeaters had higher body mass index. Conclusion: Given that children as young as 4.5 years are displaying some form of problematic eating behaviour which is shown to be related to dietary adequacy and body weight, public health professionals should be targeting parents of young children to provide messages about strategies for coping with problematic eating behaviours in early childhood. Descriptors: Eating behaviours, diet quality, bodyweight, preschoolers and birth cohort.
Introduction
Escalating obesity rates among young children across the globe has prompted interest in investigating the role of children's eating styles in the maintenance of healthy weights and dietary adequacy (Kranz et al., 2004) . There is increasing recognition that problematic eating behaviours in childhood may be precursors to eating behaviours later in life. Eating behaviours can vary on a continuum from picky eating to disinhibited overeating or binge eating (Marcus and Kalarchian, 2003; Lewinsohn et al., 2005) . At one extreme, picky eating in childhood is associated with anorexia nervosa in adolescence (Marchi and Cohen, 1990) . Most of the studies of picky eating examined the dietary diversity and dietary quality scores in young children perceived as picky eaters by their mothers (Carruth et al., 1998 (Carruth et al., , 2004 Jacobi et al., 2003) . The latter study of infants aged 7 to 11 months indicated that both picky and nonpicky eaters met or exceeded the current age-appropriate energy and dietary recommendations, whereas 9-to-11-month-old picky eaters had significantly lower intake levels of total energy, total fats and vitamins and minerals. We found that definitions for different eating behaviours vary across studies. Picky eating or neophobia is associated with eating small meals, eating slowly and accepting a limited number of foods (Reau et al., 1996; Carruth et al., 1998) . Few studies address irregular eating behaviours among young children, and is defined as omitting two meals at least once per week (Sjöberg et al., 2003) or having between 3 and 9 meals per day (Farschi et al., 2004) . Although overeating is defined as consuming large amounts of food within a period and may not include a sense of loss of control overeating as in binge eating or disinhibited overeating (Whitaker et al., 2000; Shunk and Birch, 2004) . In this study, the mother's perception for identifying the eating behaviour as 'ate too much'.
The sparse literature on irregular eating focuses on either adolescents or adults, but few target young children. Definitions of irregular eating across studies vary from omitting two meals at least once per week (Farschi et al., 2004) , to having between three and nine meals per day compared to six meals per day (Sjöberg et al., 2003) . Yet evidence for the relationship between irregular eating and body weight is not clear (Farschi et al., 2004) .
At the other end of the spectrum, overeating may be linked to the development of binge eating in adolescents (Tanofsky-Kraff et al., 2005) , whereas disinhibited eating or overeating has been found to be a good predictor of weight gain and elevated body mass index (BMI) in adulthood (Hays et al., 2002; Brunstrom et al., 2005) . In a recent study, Shunk and Birch (2004) found that girls who were at risk for overweight at age 5 demonstrated higher levels of disinhibited overeating, dietary restraint, weight concern and a link between heavier weights and overeating. A prospective risk study of children from birth to age 5 revealed that 18% of the children ate secretively, and 34% of them overate (Stice et al., 1999) . Another study found that children who reported losing control of their eating had significantly higher BMIs and more adiposity than those who did not (Marcus and Kalarchian, 2003) .
We chose to analyse problematic eating behaviours in children as they relate to BMI for two reasons. First, at the beginning of this study, we performed qualitative interviews with nutritionists working with obese children in various hospitals in Québec, and it was observed in their practice that specific eating behaviours among some children were related to weight status. Second, preliminary analysis performed earlier with this data set indicated there was an association with eating behaviours and the child's weight status.
Given little is known about the relationship of eating behaviours and bodyweight in early childhood, this study has the potential to contribute to an understanding of this link providing the basis for the development of future interventions. It was hypothesized for this study that picky eaters would have a lower BMI, lower energy intakes and would be more likely to under-consume foods than children who never reported picky eating behaviours, whereas overeaters would have higher energy intakes, higher BMI and would be more likely to over-consume foods than children who never reported overeating behaviours. Thus, the aim of this paper is to analyse the relationships between the mother's perceptions of eating behaviours (e.g., picky eating, irregular eating and overeating), diet adequacy in accordance with Canada's Guidelines for Healthy Eating and bodyweight during preschool years in a population-based birth cohort of children born in 1998 in the Province of Québec (Canada).
Statistical methods
Our analyses were performed using data from the Longitudinal Study of Child Development in Québec (1998 Québec ( -2002 (LSCDQ), conducted by Santé Québec, a division of the Institut de la Statistique du Québec and funded by the Ministry of Health and Social Services of Québec (Dubois et al., 2000; Dubois and Girard, 2002) . Ethical approval from the Ministry of Health Ethics Committee (comité d'éthique de Santé Québec) and consent from participants were obtained. Data were collected when children were aged 2.5, 3.5 and 4.5 years from 2000 to 2002. The main objective of the LSCDQ was to analyse the role of familial and social factors in children's health and children's cognitive and behavioural development. The study followed a representative sample (n ¼ 2103) of the children born in 1998 in the Canadian province of Québec (total population over 7 million, with approximately 70 000 newborns per year). The representative sample was chosen by a random selection of children born in each of the public health geographic areas in Québec over the year whereby seasonality effect was minimized. Twins, and children with major diseases at birth were not part of the study. The children were first seen at 5 months (gestational age, adjusted for preterm birth) and once per year thereafter. The study was based on face-to-face interviews and a self-administered eating-behaviour questionnaire at 2.5, 3.5 and 4.5 years, addressed to the most knowledgeable person about the child, generally the mother. Of the 2103 infants at the first data collection, 1944 4-to 5-year-old children remained in 2002. Children's age varied between 44 and 56 months (mean age 49 months, s.d.73.12 months). Of this group, 1549 volunteered to take part in the nutrition study. Nutritional assessment included a single 24-hour recall interview, and the measurement of children's height and weight by trained nutritionists.
Before the analysis, data were weighted by a factor based on the inverse of selection probability, the probability of non-response, the post-stratification rate and the attrition rate, to ensure that the data were longitudinally representative of the same-age children in the population (Cox and Cohen, 1985) . Statistical analyses were based on individuals with no missing values for any of the variables studied. Of the 1549 infants, 1498 (97% of the sample) were part of the analyses. The impact of missing data was evaluated by conducting with-and-without analyses. Missing data was excluded from the analyses as they did not have an impact on the results.
Dietary methodology
The eating behaviour questions in this study were inspired from the Avon Longitudinal Study of Parents and Children (ALSPAC) (Northstone et al., 2001 ) posted on the ALSPAC Website (http://www.alspac.bristol.ac.uk/welcome/index.shtml). The eating behaviour questionnaire was reviewed by an expert advisory group on nutrition comprised of academics, researchers and practitioners (Jetté, 2002) . The instrument was pretested with a sample of parents (n ¼ 150) not included in the survey (Institut de la statistique du Québec, 1999), and some questions were modified slightly for clarity and comprehension based on this feedback (Dubois and Girard, 2001 ). For more details on instruments and methods used in this study, see the longitudinal study Website (www.jesuisjeserai.stat.gouv.qc.ca).
The measures for eating behaviours were derived from selfadministered maternal questionnaires at ages of 2.5, 3.5 and 4.5 years. The mother's perceptions of their child's eating behaviours were classified according to three problematic eating behaviours: picky eaters, irregular eaters and overeaters (Dubois and Girard, 2002) . The categories of eating behaviours were not mutually exclusive, mothers may report more than one feeding difficulty at one time. The terms used to classify eating behaviours were given post priori for classifying eating behaviours and analyses purposes. Potential bias and reproducibility of the results are limitations of classifying eating behaviours post priori. However, given there is little empirical work in the area of eating behaviours, this type of qualitative exploration provides the preliminary work for building a theoretical basis for understanding problematic eating behaviours among healthy children in early childhood.
For this study, picky eaters were comprised of children who 'always' ate a different meal from that eaten by other members of the family, those who 'often' refused to eat the meal prepared by the mother, and those who 'often' refused to eat (see description of the indicator in Dubois et al., submitted) . Irregular eaters were comprised of those who 'often' ate between meals and those who 'never' ate at regular times. Overeaters were defined as children who 'often' ate too much and those who 'sometimes' or 'often' ate too fast based on the mother's perception of the child's eating behaviour.
It should be noted that the three categories of eating behaviours were not mutually exclusive and that a child can manifest more than one type of behaviour. The eating behaviours were analysed separately for each time point (at 2.5, 3.5 and 4.5 years). Based on these results, an overall indicator for the whole period was constructed for identifying children's eating behaviours. Children were classified by scores obtained for eating behaviours. A sum of (0) classified the child as 'never having the behaviour' throughout the period, whereas a sum of (3) indicated the child as 'always having the behaviour'. Missing information for one year was discarded and the sum was based on the other years. Only a small number of children (n ¼ 5) had missing information, yet it was possible to determine the overall behaviour from information on eating behaviours for the other 2 years. Multivariate analysis focused on the overall eating behaviour indicator.
Children's height and weight were measured at least twice at home by a trained nutritionist following a standardized protocol using a measuring tape, ruler and scale (Desrosiers et al., 2005) when children were 4.5 years old. The children were weighed without shoes and wore light clothing. Children's weight was analysed using BMI (weight (kg)/ height (m) 2 ). Overweight was defined as having a BMI at or above the 95th percentile on the US. Centers for Disease Control and Prevention sex-and age-specific growth charts (National Center for Health Statistics and the National Center for Chronic Disease Prevention and Health Promotion, 2000) .
Energy, macronutrient, food consumption and meal patterns were derived from a single 24-hour dietary recall interview conducted in the home by trained nutritionists (Desrosiers et al., 2005) . Mothers were asked to indicate the foods (e.g., type, quantity and recipes) eaten during the 24-hour period preceding the interview. For children attending day care, nutritionists queried day care administrative staff regarding the child's food intake (e.g., time, meal, quantity) for the same 24-hour period. A double sampling procedure was used to validate food intake on the day of the interview. To assess inter-and intra-child variability in the consumption of energy and macronutrient (carbohydrates, protein and fats), a second 24-hour dietary recall was administered to 50% of the preschoolers based on a methodology developed by Liu et al. (1978) .
The 24-hour recall procedure is appropriate for studying energy and nutrient intake in children in large samples, and is used in nutrition surveys in several countries (Johnson et al., 1996) . Validation studies of dietary assessment methods indicate higher congruence with validation standards for recalls than for food frequency questionnaires (Goran, 1998; McPherson et al., 2000) . The 24-hour recalls were administered evenly across all days in the week. Energy and macronutrient consumption, along with servings of food for each meal and for each child, were evaluated according to the Canadian Nutrient File (Health Canada, 2001 ) and the USDA recipe file (United States Department of Agriculture, 1977 Agriculture, -1978 ; CSF II recipe database) which calculates usual consumption of foods in accordance with Canada's Food Guide to Healthy Eating: vegetables and fruits, grain products, milk products, and meat and alternatives. Dietary data were managed using validated nutrient analysis software by Micro Gesta (version 73, Québec, Canada) developed specifically for Canadian nutritional studies. Final consumption and serving estimates were adjusted to minimize within-child variability (Desrosiers et al., 2005) .
Eating behaviours, nutrition and overweight in preschoolers L Dubois et al Statistical analyses were carried out with SAS (version 8.2, February 2000, SAS Institute Inc., Cary, NC, USA). Weighted data adjusted for within-variability were used in the analysis, and the significance level was set at 5%. Energy and macronutrients were considered continuous and were approximately normally distributed. Analyses of food servings were carried out on standardized data and on grouped data. Children's sex and mother's education level were considered potential confounders and so were included in the analyses. Odds ratios (OR) estimates, as well as their confidence intervals, were adjusted for potential confounders through logistic regressions (e.g., polytomous regression) including the significant covariates (identified in the univariate analysis of BMI in categories). Adjusted means were calculated by one-way analysis of variances, and post hoc testing (Tukey-adjusted pair-wise comparisons of means) was performed only when the overall F-test was significant.
Results
From previous analysis, the proportion of children reported as being picky eaters was quite stable in preschool years, ranging from 14 to 17%; the proportion of irregular eaters was also quite stable, ranging from 11 to 13% of the children; and the proportion of children reported as overeaters ranged between 19 and 23% for the ages studied (Dubois et al., submitted) . Also, preliminary analysis of the three eating behaviours indicated that only 0.06-0.5% of children exhibited all three eating behaviours at each studied age indicating that these behaviours were mostly independent of each other. Table 1 presents the adjusted means for consumption of energy and macronutrients for the three eating behaviours studied. Picky eaters consumed less energy, fat and protein than children who reported never being picky eaters.
Conversely, overeaters consumed more energy and more of each macronutrient than children who were never reported as being overeaters during their preschool years.
It was observed that picky eaters consumed more energy from carbohydrates and less from proteins than children who reported never being picky eaters. Irregular eaters also consumed less energy from proteins than children who were never reported as irregular eaters (Table 2 ).
Children's eating behaviours may also influence the consumption of different food groups. Figure 1 shows the number of daily servings for the food groups that are associated with picky eating (see Appendix 1 for examples of serving sizes, weight and energy values for some common foods in Canada). Compared with children who did not have this behaviour, picky eaters were more likely to eat two servings or less of fruits and vegetables daily and to eat one serving or less of meats and alternatives. Figure 2 shows the number of daily servings for the food groups that are associated with overeating. Overeaters were more likely to eat four or five servings or more of grain products and to eat two servings or more of meat and alternatives than children who never reported overeating behaviours.
An adjusted data analysis (data not shown) of the mean number of servings by food group indicates that eating behaviours did not influence the consumption of fruits and milk products. Although being a picky eater negatively influenced the daily consumption both of vegetables and of meats and alternatives. Children who were irregular eaters consumed fewer servings of vegetables daily than children never reporting this behaviour. Overeaters consumed more servings per day both of grain products and of meats and alternatives than children who never reported this eating behaviour.
Adjusted ORs (Table 3) taking simultaneously into consideration the eating behaviours studied and other related factors (e.g., child's sex, maternal education and physical Eating behaviours, nutrition and overweight in preschoolers L Dubois et al activity) indicate that being reported once or twice as a picky eater diminished the odds of consuming two or more servings of meats and alternatives per day by 38%, whereas being reported as a picky eater at all ages from 2.5 to 4.5 years reduced the odds by 69%. Being reported as an overeater at one or two of the studied ages increased the odds of consuming five or more servings of grain products by 63%, and increased the odds by 81% when the behaviour was reported every year. Also, the odds of consuming meats and alternatives increased by 30 and 44%, respectively for overeaters at one or two of the studied ages, or at all three ages, compared to those who never had the behaviour. Figure 3 illustrates the relationship between BMI, grain product consumption and overeating. The figure shows the regression lines of grain products consumption (servings per day) on BMI in percentiles, by category of overeaters. Those regression lines are statistically significant. Children which were reported as being overeaters at all ages (line in bold) have a regression line that increases with consumption; the more servings of grain products per day the children Figure 1 Proportion of picky eater (picky eaters are defined as children who 'always' ate a different meal from other members of the family, those who 'often' refused to eat the meal prepared by the mother and those who 'often' refused to eat) children in preschool years (2.5, 3.5 and 4.5 years) eating vegetables and fruits, and meats and alternatives, by number of servings per day consumed at 4.5 years (mean age is 49 months (s.d.73.12 months)).
Eating behaviours, nutrition and overweight in preschoolers L Dubois et al consume, the greater is the impact on BMI compared to the other children. Not only BMI was positively related to the number of servings of grain products per day, but also, for more than two and one-half servings of grain products per day, BMI was higher for overeaters than for children who never reported overeating behaviours despite consuming the same number of servings. For example, children consuming five servings of grain products per day who were never reported as overeaters have a BMI at around the 50th percentile, whereas the ones consuming the same number of servings and were overeaters at all three ages studied were at the 80th percentile.
Discussion
This study is one of few studies to report on the association between mother's perception of children's eating behaviours and dietary adequacy and BMI in young children. It was hypothesized that picky eaters would have a lower BMI, lower energy intakes and consume fewer servings from food groups than children not reporting picky eating behaviours, whereas overeaters would have higher energy intakes, higher BMI and consume more servings from food groups than children not exhibiting overeating behaviours. Overall, we found that there was an association with mother's Eating behaviours, nutrition and overweight in preschoolers L Dubois et al perceptions of their child's eating behaviours and the quality of the child's diet and bodyweight. Our study indicates that children as young as 4.5 years are either under-consuming some food groups (e.g., picky eaters or irregular eaters) or over-consuming (e.g., overeaters) foods which are positively related to BMI and dietary adequacy in some children. Overall, we found that picky eaters are under-consuming fruit and vegetables, and meat and alternatives, whereas overeaters are consuming more grain products, and meat and alternatives than children who never reported being overeaters. Despite these differences in food group consumption in relation to eating behaviours, we did not find any association with eating behaviours and consumption of milk products and fruits. It is well established that as children make the transition from toddler to preschool years, picky eating plays an integral part of their development (Carruth et al., 1998) . Albeit, parents of picky eaters may be concerned about the nutritional adequacy of their child's diet. Indeed, picky eaters in this study are under-consuming some macronutrients and some food groups. Specifically, we found that picky eaters consume fewer total fats, less energy and less protein than children who never reported this eating behaviour. Similarly, Carruth et al. (2004) found that infants who were picky eaters consumed less total energy and fat than non-picky eaters. Unlike the latter study, children in this study consumed fewer daily servings of fruits and vegetables and meats and alternatives than is recommended by Canada's Food Guide (Health Canada, 2002) . Moreover, when fruits and vegetables were considered separately, picky eaters ate fewer servings of vegetables than children who were never reported as picky eaters or irregular eaters at all ages from 2.5 to 4.5 years of age. Low intakes of fruit and vegetables is cause for concern given that diets rich in fruit and vegetables are associated with decreased risk of chronic disease (Lock et al., 2005) .
The behavioural determinants of various eating behaviours in children are not well understood. It is well established that the family environment is a key influence on children's eating behaviours (Golan et al., 1998; Birch and Davison, 2001 ). Parents play a vital role in the consumption patterns of their children because they also control what is purchased for the child to eat (Epstein et al., 2001) . However, it is not known whether overeating behaviours in our cohort of children is age related or owing to environmental factors. Nor do we know to what extent parents are regulating their child's food intake and the impact this may have on children's food intake. Other social factors such as higher parental education and higher income have been associated with healthier food intakes. Several other studies reported that lower income families tend to consume fewer fruit and vegetables and have less variety of foods in their diet (Hupkens et al., 1998; Dubois and Girard, 2001; Kirkpatrick and Tarasuk, 2003; Power, 2005) . Another study reported that infants who were exposed to a variety of vegetables during weaning were more likely to accept a new vegetable compared to infants exposed to only one type of vegetable (Gerrish and Mennella, 2001) . Given that previous food experiences may be a predictor for picky eating, having less variety of foods may predispose a child to develop picky eating.
We did not report any significant differences in energy intakes between irregular eaters and children who never reported being irregular eaters. Likewise, one study on women did not find any significant difference in body weight and mean energy intakes between regular and irregular meal patterns, whereas another study on adolescents reported lower nutrient intake among those with irregular meal patterns compared to regular meal patterns (Sjöberg et al., 2003) .
At the other end of the eating behaviour continuum is overeating. Our results reveal that overeaters not only tend to consume more energy but also have diets that differ in energy and macronutrient composition (more carbohydrates and more protein) compared to children who never reported overeating. These children consumed more servings of grain products and meats and alternatives than children never reporting these behaviours. However, we were able to show in the analysis that even when the number of servings of grain products were similar, overeaters had a higher BMI than children who never reported this eating behaviour. This is a potentially important finding given that this is the first study to report an association with overeating and intake of grain products and higher BMI in young children.
Owing to the limitations inherent to a longitudinal study, we can only suggest possible reasons for these differences in BMI among overeaters who consume four or more servings from the grain products group. There are several proposed theories for explaining the link between consumption of carbohydrate and overweight. The first hypothesis suggests a possible influence of dietary glycemic index of food on body weight. More specifically, consumption of foods with high glycemic index stimulates larger insulin release, which in turn promotes fat storage resulting in weight gain, reduced satiety and overeating (Roberts, 2000) . This relationship was Figure 3 BMI (percentiles from age-and sex-specific CDC growth curves) and grain products consumption (servings per day) at 4.5 years (mean age is 49 months (s.d. 73.12 months)) and overeating status at 2.5, 3.5 and 4.5 years.
Eating behaviours, nutrition and overweight in preschoolers L Dubois et al found among adults (Ma et al., 2005) and adolescents (Steffen et al., 2003) . Another study reported that preschool children who consumed high carbohydrate meal reported less satiety, decreased capacity for energy regulation and higher total energy intakes compared to children of normal weight (Alvina and Araya, 2004) . Highly palatable foods are often associated with emotional responses because they are often offered as a reward for good behaviour (Chamberlin et al., 2002; Blass, 2003; Marcus and Kalarchian, 2003) . An alternative explanation is children who are overeaters may also be more sedentary than other children. We reported elsewhere that a higher proportion of overweight children in this cohort were perceived by their mothers as being less active than children of the same age and sex compared to children who were normal weight (Dubois et al., 2006) . Also, this tendency was found in another study on overweight children compared with children of normal weight when no significant differences were found in the amounts of food the two groups consumed (Wardle et al., 2001) . Further studies comparing the effects of diet quality on young children's body weight is warranted. Like most studies, our study has strengths and limitations. The first strength is its longitudinal design that is based on a population-based representative sample of children followed since birth. Second, both children's height and weight were objectively measured for calculating BMI measures. There are some limitations to our study. Although the 24-hour dietary recalls are recognized as the best method to estimate dietary intake, including macronutrients, some limitations include: the reliance on participants' memory, how well selected days represents usual intake and the possibility of under reporting food intakes (Willett, 1998) . The 24-hour recall are considered reasonably accurate for providing group mean estimates of children intakes whereas being less burdensome and invasive than food records (Goran, 1998) . However, there is recognition that dietary data on children and adolescents is vulnerable to a variety of reporting errors (Persson and Carlgren, 1984; Stein et al., 1991; McPherson et al., 2000; Livingstone et al., 2004) . Another limitation is related to using one survey question to measure children's physical activity levels. There are a few limitations to using this question because: it does not empirically measure children's energy expenditures, does not consider the amount of time being physically active, nor does measure the type of physical activity (Goran, 1998; Perez, 2003) . And finally, a number of studies have shown that overweight or obese individuals tend to underreport to a greater extent than lean individuals (Macdiarmid and Blundell, 1998; Mendez et al., 2004; Warwick and Reid, 2004) . Likewise, parents may be underreporting their children's intake, particularly for snacks rather than meals. Other studies found that snack foods are more commonly underreported than foods consumed at regular meals (Basiotis et al., 2000; Krebs-Smith et al., 2000) .
Given that some children as young as 4.5 years are perceived by their mother's as having some form of problematic eating behaviour which may be affecting diet quality and body weight, public health professionals should be targeting parents of young children to provide messages about strategies for coping with problematic eating behaviours and adhering to healthy eating in early childhood.
